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1. INTRODUCTION
a. Description
The JCATI carbon fiber recycling system uses a series of processes to convert long carbon fiber
boards held together by resin, into small usable pieces of carbon fiber that will be reused in
future carbon fiber applications. At the end of the current iteration there is no machine that
can separate the resin from the carbon fiber. To solve this issue a machine that will utilize the
pyrolysis process will be used.

b. Motivation
In its current state the JCATI system does not have a way to get the resin off the carbon fiber
material. The goal of the addon would be to solve that issue in a way that can be easily linked
with previous system, to allow for a continuous flow with no human interaction.

c. Function Statement
As part of a system that recycles carbon fiber for reuse a device will be created that will
separate the resin from the carbon fiber.

d. Requirements
For the pyrolysis machine to meet specifications and have a desirable output the following is
required:
• Must reach Temperatures of at least 500°C
• Must have timer that stops conveyor movement for 30-33 minutes to allow the
pyrolysis process to take place.
• Must remove 90% of resin from the carbon fiber, measured by mass
• Must be an oxygen free environment

e. Engineering Merit
This machine will require extensive use of thermodynamics and material science to function.
Elements including will be heating the material to certain temperatures to produce the
desirable outcome of separate the carbon fiber and resin.

f. Scope of Effort
The scope of this project will include the heating and separation of the carbon fiber from the
resin using an oxygen free environment on a conveyor system that moves through the
assembly. This will not include the connection system to move the cut strips to the pyrolysis
system from the cutting system.
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g. Success Criteria
A system is put in place where all the requirements are met, and usable pieces of carbon fiber
are made available.

6

2. DESIGN & ANALYSIS
a. Approach: Proposed Solution
The proposed solution was designed to successfully carry out a pyrolysis process while also
being able to safely add and remove material. This includes using a conveyor belt system to
move the carbon fiber pieces through the device as well as to provide access points on the
shroud.

b. Design Description
Old Design
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New Design

c. Benchmark
An example of a pyrolysis machine to benchmark off was this one found online by Tyre Waste
(https://youtu.be/x_0fWdADrvw). This is on a much larger scale than what will be done for the
JCATI project, but the process is similar. Additionally, Tyre Waste is using their version to
accumulate Heavy Oil while the one being designed for JCATI will be used to get solid carbon
matter.

d. Performance Predictions
This system is predicted to be able to pyrolyze a foot-long carbon fiber strip that has been
separated into smaller strips in under an hour, and produce a product with 90% or greater of
the resin vaporized

e. Description of Analysis
Analysis 1: Reference drawing A-1 in Appendix A
Because the material is on a conveyor belt for a smooth transition of the material, the belt must
move slow enough that the full pyrolysis process can take place. This would involve slowing the
belt to much lower speeds as it has to move a short distance (1 – 1.5 ft) in 30 minutes or more.
Analysis 2: Reference drawing A-2 in Appendix A
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The maximum mass flow rate of the system is used to determine that most carbon fiber that
can be put through the system. Going above this number would cost efficiency in the system
and even cause it to fail to vaporize the resin. This analysis calculates the maximum mass flow
rate.
Analysis 3: Reference drawing A-3 in Appendix A
Through the heating process the metal shroud around the oven will heat up. Using a heat
transfer analysis, the temperature at the surface of the oven it determined to assure safety of
human contact.
Analysis 4: Reference drawing A-4 in Appendix A
To create a full conveyor system that moves slow enough the rpm of the input motor needs to
be reduced to a slow crawl. A speed reducer is used first, and the final rpm is calculated.
Analysis 5: Reference drawing A-5 in Appendix A
After the speed reducer a spur gear design is used, and the specifics of the gear are calculated
to reduce the final rpm to the desired amount.
Analysis 6: Reference drawing A-6 in Appendix A
As an alternate solution to the spur gear design, a worm gear design is analyzed to reduce the
output rpm.
Analysis 7: Reference drawing A-7 in Appendix A
An output torque is calculated from the worm gear design to be used in shaft size calculations.
Analysis 8: Reference drawing A-8 in Appendix A
The mass flow rate of the argon gas into the system is calculated. This number will be used in
further analysis.
Analysis 9: Reference drawing A-9 in Appendix A
The time it takes for the argon gas to completely fill the volume of the shroud is calculated to
get a time in which it takes the device to spin up and be used properly.
Analysis 10: Reference drawing A-10 in Appendix A
The distances withing the shroud of the conveyor system are calculated to know where to put
the shaft holes.
Analysis 11: Reference drawing A-11 in Appendix A
The angle of wrap for the chain design is calculated to adjust anything for possible slippage in
the system.
Analysis 12: Reference drawing A-12 in Appendix A
A box is designed, and dimensions are calculated to hold the gear train assembly.
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Analysis 13: Reference drawing A-13 in Appendix A
Using an Inventor Nastran FEA Analysis, the stress on the conveyor plates due to excessive heat
are calculated.
Analysis 14: Reference drawing A-14 in Appendix A
The switch needs to be placed inside the oven to allow for independent movement of the
conveyor. This analysis shows where in the wiring it will be placed.

f. Scope of Testing and Evaluation
The pyrolysis system will be tested and evaluated on its 4 requirements. The first requirement
is that the oven will reach 500°C. This can be tested using a thermistor in the oven and
recording the temperature. The test will be a success if the oven can be 500 degrees or greater.
The second requirement is the conveyor system needs to take 30 minutes to move the carbon
fiber through the oven. This can be tested by using a test material while the oven is turned off
and timing the duration it is in the oven. If it is within 1 minute, the test will be a success. The
third requirement is the system must remove 90% of the resin by mass. This will be done by
weighing the input and output materials and using the percentage of resin the carbon fiber is
made of to determine how much mass was removed. The fourth requirement is that the
environment is oxygen free. This can be tested by seeing whether the carbon fiber turn to CO2
at the ed of the process. There will be a significant change in mass and volume if this happens.

g. Analysis
i. Analysis 1
One requirement for the pyrolysis machine is that the carbon fiber has enough time in the
heating area for the reaction to take place. The desired outcome would also have a conveyer
system from the cruncher assembly and to a collection area for a continuous workflow. The
current data shows the pyrolysis will take 30 minutes, so the system needs to be slow enough
under the heating element so the full reaction can take place.
The plan is to have a wheel or cylinder that rotates to move the conveyor belt along. The wheel
will have to rotate at a very low rate. This angular velocity will be found by finding the velocity
of the belt required and using that velocity as the tangential velocity for the wheel, which can
be related to the angular velocity.
The wheel itself will be assumed to be 3/4 of an inch, as this seems like an appropriate size with
the current heating machine about the size of a toaster over. This wheel size is open for
changes depending on what further analysis yields.
The final calculated angular velocity for the wheels is 0.0267 rad/s.
Analysis drawing A-1 in Appendix A
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ii. Analysis 2
During the pyrolysis process the resin that is epoxied to the carbon fiber will be vaporized.
There is only a limited amount of mass possible to heat at one time, as overloading the system
would cause resin to not fully vaporize.
Using values taken from sources on the internet for Cp and hsg the mass flow rate can be
calculated by using the equation 𝑃 = 𝑚̇𝐶𝑝 𝛥𝑇 + 𝑚̇ℎ(𝑠𝑔) . Using this equation, the maximum
mass flow rate was calculated to be 217.9 kg/s. This number far exceeds any amount that
would be put through the system to allow a full 30 minutes heating time.
Please refer to Appendix A-2 for details.
iii. Analysis 3
To contain the argon gas required for the pyrolysis project a shroud will be used around the
oven. This shroud is metal thus there was a possibility it could heat up enough to burn
someone. This analysis used a method similar to a double pane window in evaluated the
temperature on the outer surface of the shroud during pyrolysis where the oven will be 500°C.
The desired result is to have the shroud heat up but not enough to cause harm to a human
touching it. According to ASTM C1055 this temperature is 60°C (140°F). As long as the shroud
does not reach that temperature it is sufficient.
Through analysis the final temperature the shroud will reach while the oven is running at 500°C
is 30.6°C (87.1°F). This temperature falls below the standard; thus, nothing will be altered.
Please refer to Appendix A-3 for more info.
iv. Analysis 4
To achieve the required rpm to drive the conveyor belt (roughly 0.25 rpm) a gear train will be
used to reduce the 850-rpm motor. To simplify the system a speed reducer will be used to
reduce the rpm quicker and more efficiently.
A speed reducer had to be chosen so that it would function with the motor and reduce the rpm
to a more reasonable number that would require only a few gears to completely reduce. Using
the Nominal speeds and input rpm of the speed reducer, the final rpm found that the motor
will reduce to is 17 rpm.
Speed Reducer: https://www.grainger.com/product/DAYTON-Standard-Cast-Iron-C-Face-2Z151
Please refer to Appendix A-4 for more info.
v. Analysis 5
The final step in achieving a 0.25 rpm output is a custom gear reduction. A spur gear assembly
was analyzed using a triple reduction. An engineering tool of an excel spreadsheet which
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calculates stresses, dimensions, and required hardness was used to come up with the gear
assembly.
Using a spur gear analysis, the gears tend to require a lot of hardness as they take a large
amount of stress. Using this analysis, a worm gear reduction may be preferable.
Full calculations and spreadsheets can be found in Appendix A-5.
vi. Analysis 6
Similar to Analysis 5 the end goal in the gear drive is to have an output rpm of 0.25. Another
possibility is to achieve this with a worm gear, rather than using spur gears. Another
spreadsheet was used to calculate what kind of worm gear is to be needed.
From this analysis it is confirmed only a single worm gear reduction will be necessary and it is
well within reasonable stress limits for common materials used for worm gears.
Full Spreadsheet is available in Appendix A-6
vii. Analysis 7
To use the above worm gear, design an output torque was required. The output torque is the
rotational force required to move the chain conveyor system that will provide movement to the
carbon fiber through the pyrolysis system.
Assuming an aluminum conveyor surface and transporting 5 pounds of matter through the
system, the final output torque required was calculated to be 145 [lb-in]. This number is
implemented into the spreadsheet used in the design of the worm gear assembly.
Calculations can be found in Appendix A-7
viii. Analysis 8
As per the pyrolysis process requirement Argon gas will be pumped into the system to displace
the oxygen. Considering this, the mass flow rate must be calculated to determine the speed at
which Argon enters the system and oxygen leaves.
Using a Bernoulli and Flow analysis the mass flow rate of argon from a pressurized tank is found
to be 0.99 [kg/s] or about 2.18 [lbs/s]. This number is used in Analysis 9 to calculate the speed
at which the shroud volume fills.
Calculations can be found in Appendix A-8
ix. Analysis 9
Knowing the amount of time, it takes to completely fill the volume of the shroud is useful to
know spin up time for the system to be operating properly. To get the time it takes the mass
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flow rate from Analysis 8 was used in conjunction with its relationship to volume flow rate to
calculate the time, in seconds, it takes to fill the shrouds volume.
The calculated time it takes to fill the volume is about 0.15 seconds. This means the system will
displace a necessary amount of oxygen in under one second. With this information it is now
confirmed that the primary choke on spin up time is the heating element reaching 500°C.
Calculations can be found in Appendix A-9.
x. Analysis 10
The conveyor system will be using a metal chain conveyor belt with 14 pinion gears spaced
around the oven to drive and hold the chain. The locations of the pinion gears were analyzed
and placed strategically to allow for clearances for the chain and working space, so they don’t
scratch against the oven and wear out. The dimensions of both the shroud and the oven were
used as the ideal scenario is to have the conveyor system fully inside the shroud with the
driving gear attached to a shaft that leads to the gear assembly outside the shroud. An overall
length of the chain was also calculated to provide a minimum amount to purchase for the final
product. The following are the lengths and distances:
•
•
•
•
•

A = 12.75” [Center to Center]
B = 8” [Center to Center]
C = 2.25” [Center to Center]
D = 17.5” [Center to Center]
Overall Length = 68.75”

Full calculations and locations can be found in Appendix A-10
xi. Analysis 11
According to the textbook Machine Elements in Mechanical Design by Robert L. Mott, et al., the
desired angle of wrap for a gear driven chain is 120° to avoid slippage (or 90° if the chain
tension is properly kept tight). This analysis will calculate the angle of wrap for the driving gear
located under the oven. To maximize the angle of wrap the gear is elevated above the driven
gears and the horizontal distance is kept very low.
Upon analyzing the driving gear system, the angle of wrap was calculated to be 180°. This angle
is very good for avoiding slippage as it is well above the 120° desired angle.
Calculations can be found in Appendix A-11
xii. Analysis 12
The assembly that is used to drive the conveyor system (motor, speed reducer and worm gear
assembly) take up a large amount of space, and when moving pose a safety hazard. To contain
everything in one place and prevent accidental injury a box will be made custom to house
everything. Being made of aluminum sheet, this box will cost little in terms of raw materials.
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The use of SolidWorks was employed with this analysis to ensure that the pieces fit with
enough clearance to guarantee no scraping of parts.
Dimensions and calculations can be found in Appendix A-12.
xiii. Analysis 13
In the new design conveyor plates are attached to the existing conveyor system. These mild
steel plates will be subjected to temperatures around 500C and must not yield, even after
repeated and prolonged exposure.
The analysis was done using Inventor Nastran, a Finite Element Analysis system. Using the heat
transfer as it fully covers the surface of the metal plate, the Von Mises stress can be found using
this method.
The final stress found is 519,700 psi which is well under the modulus of elasticity of mild steel
(E=29,000 ksi)
Nastran Solution can be found in Appendix A-13
xiv. Analysis 14
A switch or timer needs to be placed in series with an internal wire to be able to control the
motor without affecting the operation of the heating elements. As the original design has it the
conveyor motor and heating are either both on, or both off.
To accurately depict where the switch will go in the wiring diagram, MultiSim was used to draft
a copy and place the custom change into the diagram.
The Wiring Diagram can be found in Appendix A-14.

h. Device: Parts, Shapes, and Conformation
The overall shape of the device was straightforward. An oven with a heating element powerful
enough for the system was used and everything else had to be designed around that. A shroud
will be installed around the oven which will trap the argon gas in the system to displace the
oxygen. This shroud was also already made and designed to fit around this oven. Due to the size
and clearance between the oven and the shroud the motor and gear assemblies had to be
placed outside of it, which will be good to have access to those parts as they have the highest
chance of needing to be replaced.
In terms of safety the heating element is insulated enough where there will be no danger of
touching the metal shroud. The gear assembly posed a problem with the possibilities of fingers
getting caught and causing harm to humans but that was solved by creating a housing to cover
the gears when they are either in use or being not being serviced.
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Tolerances are not very strict on the shroud and overall sizes to fit everything as there is
clearance on the larger pieces that can sustain some potential deformities. The Gear assembly
however has notably tight tolerances on sizes, number of teeth, etc. which is why those parts
are being ordered from third party manufacturers who have the means to make tools with the
required tolerances.
Revision 3.11.2021 – With the new design the gear assemblies will not be part of the assembly,
thus they pose no safety risk. Most parts have been moved inside the shroud and are designed
to withstand the heating of the oven. I addition these parts don’t require as tight of tolerances
so different manufacturing methods can be used.

i. Device Assembly
The overall assembly of the device will include the shroud, plates that attach to the existing
conveyor system via steel wires, a ramp to assist in loading material, and a repurposing of the
oven drip tray as a way to get the final carbon fiber results. The ramp is wire-tied to the existing
loading system of the oven however, just like with the chain conveyor the ramp is grated so a
solid metal piece had to be added. The drip tray will be accessed from a hole cut into the
shroud on the rear side.
Revised 3.11.2021

j. Technical Risk Analysis
The main technical risks in this project will be in the gear assembly. With the tightest tolerances
and highest likelihood to fail of all the parts, these represent most of the technical risks. For
example, the gear sizes could have been calculated wrong so the minimum rpm they reach is
0.5 Rpm rather than the required 0.25. This would cause the system to run twice as fast and
only take 15 minutes to run through. The pyrolysis process takes a full 30 minutes, so the
system will fail.
Revision 3.11.2021 – As of the newest design, tolerances are a lot less tight thus they don’t
pose as much of a threat to risk of the overall assembly. The highest risk as of now is making
sure the plates attached to the conveyor mesh well and provide a smooth operation of moving
the carbon fiber along the belt.

k. Failure Mode Analysis
Failure of the pyrolysis system would be not being able to heat the resin enough for it to
vaporize. As the primary role of this system is to separate the resin from the carbon in carbon
fiber, not being able to do so would mean failure. To prevent this, multiple avenues were
addressed. Firstly, the material must heat up to 500°C. This problem is solved by using an oven
designed to heat up to that temperature. Secondly, the material needs enough time to
vaporize. This is solved by allowing the conveyor belt to move independently of the heating
element which allows the belt to sit under the heating element for the required 30 minutes.
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Other failures that can happen are structural failures where the material takes too much stress
and fractures/bends/fails. Caution has been taken with the most likely of candidates for failure,
the conveyor plates, by allowing them some degree of movement to stretch due to heat and
stress caused by the system.
Revised 3.11.2021

l. Operation Limits and Safety
In the pyrolysis system there are 14 pinion gears that rotate, 1 worm gear assembly, 1 speed
reducer, and 1 electric motor. Each of these represent a hazard in rotating parts that can cause
injury to a person. The pinion gears and worm gear assembly rotate at 0.25 to 17 rpm, so there
is little risk involved, however they should still be properly shut off before performing
maintenance, replacing, etc. The motor that is attached to the speed reducer rotates at 850
rpm which is a serious hazard if one’s hand would get caught in it. Shutting off the motor
should always be done before removing the protective shroud over the motor shaft.
Revision 3.11.2021 – There are no more gears or motors in the new design. With this most of
the safety risks are gone.
Another safety concern is the heating element inside the oven. The shroud is designed to not
get very hot (only 31°C) so touching the shroud is not a safety issue, however, the oven will take
time to cool down once shut off, and with temperatures reaching 500°C there is a high likely of
a person getting burned if they are not careful. Keeping the shroud on, and letting the oven
cool down is the best way to prevent injury when operating the system. In general when
touching any of the parts of the system it is suggested to wait some time for the oven to cool
down to guarantee the metal parts won’t cause burns.
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3. METHODS & CONSTRUCTION
a. Methods
This project was designed, analyzed at Central Washington University. Some parts were made
on-site while others were sourced and delivered via outside companies. University resources
including the machine shop and materials lab will be used to create and alter parts.
Additionally, budget comes from a grant by Boeing to assist in the engineering process.
The parts that will be constructed are the mating shaft to mate the speed reducer to the driving
sprockets of the assembly, and the motor assembly shroud. Other components will be cut to
length or slightly altered but those parts are negligible. The Mating Shaft will be manufactured
using a lathe and mill process. The lathe will be used to cut the cylindrical areas of the shaft to
size to not only fit around the speed Reducer shaft but also to fit inside the driving sprockets.
The milling process will be utilized to cut the keyway and in diameter of the larger end. The mill
is perfect for cutting long straight and square cuts along the shaft, and the high accuracy of the
mill will be useful in cutting the larger end to be able to successfully mate to the speed reducer
using a press fit. The housing around the speed reducer and motor will be manufactured from a
large metal sheet. Cutting the sheet to proper dimensions as acquired using SolidWorks will be
done using a band saw, or other kind of saw depending on the ease of access to the cuts on the
material. Then holes will be cut out of the sheet before folding to shape, then finally the shape
will be folded.
Revision 2.19.2021 – With the newest redesign of the device the methods required to construct
it have drastically changed. The complexity of the parts has gone down so the manufacturing
methods have become simpler. To manufacture the conveyor plates that will be attached to
the conveyor chain a shear cutter and punch will be used. The shear cutter is to cut the
rectangular pieces to the required shape, while the punch is used to easily create holes to
thread the wire through. These methods can be used because the tolerances of the part are
very high. Most dimensions can be off by up to 0.5” so a machine with tight tolerances isn’t
required.
i. Process Decisions
One decision made for the pyrolysis system is whether the drive assembly (motor, speed
reducer, worm gear assembly) will be under the oven, within the shroud or outside. After the
Analyses 4, 6, & 7 it was concluded that the drive assembly would be too large to fit inside the
shroud, so it will be outside and separated.
Another decision was whether to use a spur gear train or a worm gear assembly. Both analysis 5
& 6 were done then inputted into a decision matrix. Ultimately the worm gear design was
chosen. Decision matrix can be seen in Appendix A-15.
Revision 1.15.2021 – When calculating cost for the project and device, the parts cost alone
came in over budget. The biggest offender was the worm gear assembly and the specific gears
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required were slightly irregular and main gear was also very large. With the idea of cutting cost
in mind, the decision was made to cut the worm gear assembly. The primary purpose of this
part was to lower the RPM of the driving sprocket such that the total time for the material to
move through the system was 30 minutes, the time necessary to properly vaporize the resin.
Instead a much more cost-efficient approach will be used. A simple electronic timer will be
joined with the motor, controlling how long and how often it stays on. This way the material
will enter the oven, stop, thoroughly heat and the resin will vaporize, then finally be moved out
the other end. This change alone reduces total cost of the project by upwards of $400.
Revision 2.19.2021 – The newest redesign has drastically dropped the cost and complexity of
the device. With the intent of being able to do the same job the new design utilizes the already
existing chain conveyor system and upgrades it for use with carbon fiber pieces. This cut cost
from about $1100 to less than $100 as most of the parts could be easily sourced and are
inexpensive. Additionally, the construction time dropped significantly as there are less parts,
and the manufacturing methods that will be used are much quicker.

b. Construction
i. Description
This device will be comprised of 10 parts, all 10 of which have already been obtained and are
available or will be gotten from suppliers. In order of sequence of construction, the first part is
a 0.5 hp electric motor. The motor will drive the second part, the speed reducer which will in
turn connect to the third through fifth parts, a pinion gear train containing 3 gears to reduce
the output rpm. These will drive the sixth part, a chain conveyor belt. The conveyor will move
through the eight part which is the oven. The whole system will be surrounded by the ninth
part which is a 20-gauge steel shroud with an inlet leading to the tenth and final part the Argon
gas supply.
Revision 2.19.2021 – The new system will compose of much less parts. The oven will house the
metal conveyor plates that will be secured to the already existing chain conveyor system. There
is a switch that can independently control the conveyor from the oven which allows the full 30
minutes of heating to occur. There is also a new hole made into the should with a moveable
steel flap, which allows easy access to the controls even while the oven is turned on and hot.
The final device uses only 10 pieces of plate for the conveyor belt, a ramp for input, a shelf for
easy access to output carbon fiber, a switch, the shroud, and the argon gas.
As the JCATI project is about sustainability in recycling carbon fiber pieces, many parts on the
final device were reused from the oven itself. The ramp is both from the original grated ramp of
the oven with the curved metal piece that would facilitate retrieving the toast from the oven.
And the shelf that is used to obtain the final product is repurposed from the crumb tray that
was originally under the conveyor belt.
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ii. Drawing Tree, Drawing ID’s
Please Refer to Appendix B for Drawing tree and Part ID’s.
iii. Parts
The primary assembly of the device is the motor, speed reducer, and gear train assembly. This
area will most likely require custom modifications to facilitate proper mating of all the parts.
Additionally, the shroud and oven need to be properly secured and fitted to the rest of the
assemblies. Besides fitting all the parts will be sourced from a supplier, so they should come
properly manufactured to specifications and shouldn’t require further modifications.
Revision 2.19.2021 – All of the parts required in the new design can be easily sourced or are
already sourced. The conveyor system will be made from aluminum sheet metal which CWU
has already sourced, along with the wire that will be used to secure the conveyor system. The
electrical parts are going to be simple switches, and which can be easily sourced from CWU. The
crumb tray from the oven was repurposed to catch the carbon fiber pieces and easily pull them
out of the system. There is also a small steel flap that moves to allow access to the controls
while the shroud is on. Finally, the ramp system to move the carbon fiber into and out of the
system will be made from old pieces of the oven with some steel wire.
Please Refer to Appendix C for full parts list.
iv. Manufacturing Issues
Problems occurred when designing and building the ramp to allow for easy loading of material
to the conveyor plates. The sheet metal originally designed for was causing the carbon fiber
pieces to not slide and thus not reach the conveyor. This was probably due to too high of a
friction force acting between the ramp and the carbon fiber. To solve this issue a part from the
oven was used. In the original Avatoast oven assembly, there was a ramp tray that caught the
toast from the back end and slid it closer to the front to grab. This part was cut in half to utilize
the curved side and was used as the ramp instead. The friction is lower on this ramp because
the metal is coated with something that reduces the friction. This not only solved the problem
of moving the pieces to the conveyor but also repurposes parts that were previously going to
be thrown out.
v. Discussion of Assembly
The full assembly of the device will include only 1 sub-assembly along with 5 parts. The subassembly will be the Power Transmission Assembly consisting of the motor, speed reducer, and
gear train assembly. This sub-assembly will mate with the chain conveyor system which will be
attached to the shroud while moving through the oven. Finally, the Argon supply will be
attached to the shroud via a rubber hose.
Revision 2.19.2021 – The final assembly will include the oven with the metal conveyor plates
secured via metal wire to the current chain system, the switch to control the conveyor system,
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a ramp to insert carbon fiber pieces into the system, a window/flap to access the controls, and
a tray to catch the final product.
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4. TESTING
a. Introduction
There are four requirements being tested for the Pyrolysis Device. The first is that it moves at a
slow enough pace to allow the Carbon Fiber 30 minutes under the heating element in the oven.
Second, the oven needs to reach 500°C to heat the resin enough to vaporize. Third, the air
within the system will be tested to ensure Argon saturation. Finally, the Carbon Fiber will be
tested after the process to ensure at least 90% of the resin was properly vaporized.
Revision 2.26.2021 – A small change has been made to the requirements for the Pyrolysis
Device. The heating temperature, argon saturation, and carbon fiber testing to ensure
vaporization will all be the same, but the movement of the belt to allow 30 minutes of heating
time will change. Instead of a slow enough system to allow the 30 minutes, the conveyor
system will be attached to an electric timer. This timer will be tested on if it allows a minimum
of 30 minutes for the process, and a maximum of 33 minutes.

b. Method/Approach
Each requirement will be tested based on their attributes of success. For example, the speed of
the conveyor belt will be tested using a simple stopwatch to time the conveyor system.
Additionally, each test will be carried out with other requirements being controlled. This means
that no two tests will be run simultaneously, and if possible, certain systems will be disabled
while testing other ones. Tolerances for success will vary depending on the requirement, but in
general the requirements show a minimum the system must meet.

c. Test Procedure
The requirement of having the timer stop for 30-33 minutes will be tested using a stopwatch to
time the device while it is in the off state. To facilitate testing and future improvement to the
device a potentiometer will be used in the circuit to allow for easy changes to the resistance
values to control the accuracy of the timer.
The temperature of the oven will be measured using a thermistor to evaluate the temperature
on the belt to be a minimum of 500°C.
The testing of air quality in the system will be done by testing the resulting carbon fiber pieces.
Should the air in the oven be properly displaced with argon the carbon fiber shouldn’t bind to
the oxygen and create CO2. If the device is not working, there will be little to no resulting
carbon fiber pieces.
To measure the amount of resin vaporized the Carbon Fiber will have to be characterized
beforehand with percent of the weight is the fibers, and what percent is the resin. Then using

21

that percentage, the final product can be weighed, and a number can be acquired of how much
resin was removed.

d. Deliverables
Test 1a - Temperature
The first test accomplished was testing the temperature inside the oven to determine whether
it reaches 500C. The shroud was removed for the initial test as it was assumed the affect would
be minimal. A temperature probe thermistor was used to measure the temperature inside. The
probe was held to the metal plates on the conveyor to simulate the carbon fiber pieces that will
be on the conveyor plate. After following testing procedure, the final temperature of 472.2C
was determined by the thermistor probe. This temperature is about 28 degrees lower that the
predicted and desired result. Despite original estimates error could come from the shroud not
being part of the test as the metal box could have trapped some heat in. Additionally, it is
possible the thermistor would have reached a higher temperature, but the probe was taken out
early because the plastic handle was starting to melt. The test will be repeated with these notes
in mind. The shroud will be present in the next test to ensure conditions are equivalent to real
use which should produce a higher temperature. Also, a new probe will be found with a longer
metal tip to increase the distance between the plastic and the heat source. Alternatively, if no
such probe is available a guard of aluminum foil can be placed to shield the handle from some
of the heat. A repeat test should yield better results.
While 500C was the target mark for this test and the requirements of the system, that number
is a safe number for the Pyrolysis process. Through research it is concluded that the pyrolysis
process can occur at temperatures as low as 450C. The current test exceeds that number;
however, if the temperature can reach 500C it will ensure that all of the carbon fibers reach
expected temperature levels and no pieces are too cold to undergo the pyrolysis process.
Test 1b – Temperature
The temperature test was redone to try and improve the results. The shroud was added to
provide an environment closer to operational use, foil was placed around the temperature
probe to prevent the plastic from melting, and multiple areas of the oven were tested for
temperature. The locations tested were the heating coils in the oven, the conveyor belt, the
exterior surface of the shroud, and the room temperature. The coils of the oven were tested to
be over 550°C so it is confirmed the oven heating can exceed expectations for the 500°C
requirement. The conveyor belt, however, only reached about 475°C. This is similar results to
the previous test. 475 is still above the bare minimum of 450 and the and the temperature
would increase as its distance to the heating coils decreases. Testing will continue on the
carbon fibers for whether the oven is hot enough to process them. The exterior of the shroud
was also tested top ensure safety. The safe temperature determined by ASTM standards is 60°C
and the temperature recorded through testing was about 65°C. This is 5 degrees above the safe
temperature so care needs to be taken when dealing with the device during operation.
Additionally, the room temperature was taken just to apply a baseline for the rest of the
temperatures.
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After taking these temperature measurements further analysis could be conducted. The
thermal efficiency of the heating element to the conveyor was calculated to be about 85%.
Additionally, further testing will be required on the carbon fiber pieces themselves to
determine whether the 475°C temperature is adequate for use.
Test 2 – In this test the displacement of oxygen with argon gas was tested; however, because
after just one test the oven heated itself to the point where the internal electrical components
were fried rendering the oven inoperable and unable to be repaired in the remaining time for
the school year. Because of this unfortunate accident all 3 requirements were evaluated:
Displacement of oxygen, 30-minute window for pyrolysis, and weight of carbon fibers to assure
pyrolysis took place.
To test the displacement of oxygen the final product will be qualitatively analyzed to determine
whether fiber pieces will be usable. If the environment wasn’t oxygen free the process would
fail, and the carbon fiber pieces would be rendered useless. After testing the finished product
was carbon fiber that was soft to the touch like a feather or pillow. The product that went in
was a hard material similar to plastic shavings. This shows a clear and distinct difference in
composition that coincides with how carbon fibers without resin would look and feel, so the
displacement of the oxygen seems to have worked.
Originally to test the time of the pyrolysis process a mock test would happen using the
conveyor system and measure how long the pieces could stay inside the oven. Data could still
be gathered on this run of the test because a timer was available that was used to time the
whole process. The full test from the time the carbon fiber pieces were placed inside the oven
to the time they were taken out was 30 minutes and 24 seconds. This falls with the 30-33minute desired time window so this test was a success.
The final test was to measure the weight of the carbon fiber pieces before and the after the
test. A small metal boat was used to hold the pieces and an analog scale was used to weigh the
boat and the boat with the pieces on it, before and after. In the one test the total weight
dropped by 3.1 grams which is a 31% decrease in mass. Based on the fact that the carbon was
still there at the end of the test, this would mean the missing weight was the vaporized resin
resulting in a successful test of the pyrolysis device.
Displacement of Oxygen with Argon Gas
Time of pyrolysis process
Weight of Carbon Fiber (Before) [g]
With Boat
Without Boat
168.3
10.0

Works as Intended
30:24
Weight of Carbon Fiber (After) [g]
With Boat
Without Boat
165.2
6.9
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5. BUDGET
a. Parts
Most of the parts for the design of the pyrolysis process have already been procured. The oven
is already available which will provide the heating element, scrap metal is ready to be used, and
the Argon gas is also available. The main cost will come from the housing and mounting
materials along with the belt system. Please Reference the Parts list from Appendix C for more
details.
Revision 2.12.2021 – In the new design, parts to be purchased are very minimal. The bulk of the
design being the conveyor attachments can be manufactured using already sourced Mild Steel
sheet metal. The only parts that need to be purchased will be dependent on available materials.
Should the supply of sheet metal, steel wiring, electronic parts, etc. fall short they are materials
that can be easily bought online or at a local hardware store should time be a factor.
Revision 5.21.2021 – In the current iteration of the design the budget for the device was $1200
and of that budget none of it was used on parts or labor. All the parts were sourced directly
from CWU. Mild Steel, electrical switches, and tools were already owned by CWU so no
purchasing of new parts had to take place.

b. Outsourcing
Currently the only aspect of outsourcing in the project is the parts. Most parts come from
Grainger, and the most expensive are the motor and gear reducer. At this time no parts need to
be specially manufactured, welded, cut, polished, etc.
Revision 2.12.2021 – Other than the procurement of parts there will be no outsourcing in this
project. All manufacturing will be done in house.

c. Labor
Labor in construction of this project, as of current status, is effectively zero, and part assembly
and modifications will be done in house using free labor.

d. Estimated Total Project Cost
The overall cost of the project is currently estimated to be $1392.07 including all parts and
labor. This cost is over budget just in terms of parts so there will either need to be more funding
procurement efforts, or certain parts can be removed to reduced cost.
Revision 2.12.2021 – Total cost will be very minimal as the labor is free, there is no outsourcing,
and parts are already acquired or very easy to acquire. The purchasing list hasn’t been finalized
yet, but the entire project should come in under $200 which is well within the $1200 budget for
this section of the JCATI project.
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e. Funding Source
The JCATI project at Central Washington University is a Boeing sponsored project. As there are
multiple students working on different aspects of the JCATI project the total yearly budget
provided by Boeing will be split. The total funding for this project is expected to be $1200. This
amount will be more than enough to cover the costs of this project.

f. Budget Discussion
Previously the original design of the pyrolysis machine was incredibly expensive being over
$1500. This was mostly due to the costly gear reductions to move the conveyor belt. The speed
reducer and worm gear assembly alone were over $600. With the redesign this cost has been
cut across the board with no expensive parts that need to be shipped. The final cost hasn’t
been calculated yet, but it should come in under $200.
Parts that have already arrived include the Mild Steel sheet metal the conveyor system will be
built out of. Other parts include an electrical system to act as a timer for the in-built motor of
the oven, and a ramp-like system to effectively place the carbon-fiber pieces onto the conveyor
to take them off.
The parts that still need to be obtained are the electrical components for the timer and the
ramp-like system. The electrical components should be easily acquired from the Electrical
Engineering Department at CWU, or quickly purchased online. The timer system is very simple,
so there is no complex electronics at play. The ramp system for carbon fiber transfer will also be
a very simple system utilizing PVC pipes. PVC is incredibly cheap and easy to find even at a local
hardware store.
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6. Schedule
a. Design
The main part of the design process is the Analyses. Two of these are to be completed every
week finishing the quarter with 12 in total. These include the written aspect in Part 2 of this
document and reference material in the appendix.
–

Analyses were mostly not able to be completed on time. This aspect of the project was
neglected for over three weeks, but to correct this mistake 1-2 analyses will be completed daily
until all 12 are finished.

Drawings and Assemblies are also made in this stage of the project. Obviously, these can
change as material or budget constraints can crop up later in the project lifespan.
–

So far drawings have not been started from lack of analysis design to go off. With the
accelerated rate of analysis completion, however, these are expected to be done during the
second and third week of November.

Overall, most aspects of the design portion of the Project can be completed with little to no
schedule changes due to lack of external forces preventing completion. Regardless, the design
portion has fallen behind due to lack of man hours being properly allocated resulting in sections
being unfinished past the proposed finish date.
Revision 3.11.2021 – The design of the original device was completed by the end of Fall quarter,
but a few weeks into Winter quarter a complete redesign was done. The new device is much
simpler but as with any redesign it pushed back manufacturing to allow for catch up in
additional analyses and drawings to be made. The overall design of the part was finished in
mid-February, and construction will begin shortly thereafter.

b. Construction
Construction will start with part accruement and prototyping in the first weeks of January. Risks
involved in this portion are not getting parts on time or possibly getting the wrong part that
was needed. This could cause large amount of time spent shipping new parts. To mitigate this
risk, it is possible to source the materials from local businesses that could have them. This
would be more expensive as they are retail, but this solution is fast in a pinch.
Most of construction will be involved in the motor and gear assembly required to move the
conveyor for the carbon fiber. The oven is already in place with proper power and heat
availability, and the metal shroud may only require small adjustments. The motor and gear
assembly may have some problems with getting every to fit together properly as to work
smoothly. Additionally, if this assembly needs to be changed, because through testing it is
found to be wrong, getting new parts and gears made to fit could prove to be time consuming.
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2.5.2021 – Construction of the Pyrolysis device has been incredibly slow during the winter
quarter. The primary reason for this was time was needed to properly update the assembly
drawings to have an idea of what parts were needed to be ordered and manufactured. As of
February, in Winter quarter the design of the device has changed drastically, rendering most
assembly drawings and part accruement obsolete. The device was simplified to use much less
parts and labor but because it was a complete redesign, there are a lot of steps that need to be
taken including new Part Drawings, Analyses, and different manufacturing methods.
In the construction of the redesigned device, the primary manufacturing will be on the
conveyor system to move the carbon fibers. Instead of a complete assembly with motors,
shafts, sprockets, etc. the system will be attached to the existing conveyor system on the oven.
This design was previously thought not be possible as the previous design was to have a
continuous conveyor operation, where the current conveyor system wouldn’t be slow enough
for the job. In the recent redesign rather than have a continuous operation, the operation of
the device will be controlled via an electronic controller that will run the system for some time
to move the old carbon fiber off and new carbon fiber on, then shut off for 30 minutes to allow
the pyrolysis process to take place.
The longest part of the process in terms of construction will be designing and manufacturing
the conveyor plates to attach to the existing system. These plates need to be properly spaced
such that they don’t apply too much pressure to each other on the corners as well as not too
spaced out to allow the carbon fiber to fall through.

c. Testing
During the Winter quarter, Scheduling for testing was much smoother than previous quarters.
Tests were run on time in the beginning of the quarter and it wasn’t until the beginning of May
where scheduling issues were manifesting. During the initial phases of testing the pyrolysis
effect and attempting to achieve resin-less carbon fiber there was an obstacle. In the current at
the time iteration of the device there were too many holes for the argon gas to spill out of the
system and not effectively displace the oxygen. Time had to be taken to remedy the situation
but manufacturing and constructing plates to cover all the holes in the system. This change
added about 2 days to testing so it wasn’t very disruptive. After doing one test with the new
system, however, the increased heat caused the plastic on/off switch to melt and become
unusable. This halted future testing and further maintenance to the oven was required to get it
working again. The issue was fixed by replacing the switch with a metal one that won’t melt.
Additionally, further damage was sustained by the oven including decals and plastic protections
bubbling and starting to peel, wires in the undercarriage show heat burns and some plastic
components melted, but nothing causing failure. This delays testing by a few days until the
switch was replaced but further testing will resume once the oven is back up and running.
The internal components of the oven showed excessive damage and after multiple attempts at
repairs the oven is deemed inoperable and testing procedures had to be cut short.
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7. Project Management
a. Human Resources
There are multiple human resources available on this project. The principal engineer is Jack
Dutton, a student of Central Washington University. Their resume may be found in Appendix H.
Additional Human Resources include Dr. Jeunghwan “John” Choi, Assistant Professor, and
Charles Pringle PE, Associate Professor. Both are professors in the Mechanical Engineering
Technology department at Central Washington University, and regularly donate time and
expertise to the project. Both professors are available most weekdays during typical office
hours (8-5) which displays a low risk in access to their expertise.

b. Physical Resources
Physical resources available to the project include the following: lab/workspace, oven, metal
shroud, scrap metal, drills, and saws. These resources are available to the project during typical
work hours (8-5), but there are some risks involved. Because of COVID-19 access is more limited
than usual due to some restrictions on entering campus, and restrictions on number of people
allowed in the labs. These risks can be easily mitigated, however, by scheduling and
communicating ahead of time, along with taking required medical precautions to reduce
exposure to the virus.

c. Soft Resources
Multitudes of software support is available and used in this project. Software includes
SolidWorks, Engineering Excel Spreadsheets, MDSolids, Microsoft Teams, and Word. The
benefit to using software is that it is available at all hours of the day and allows communication
between people without the need meet in person. Risks involve losing data, and this can come
in the form of corrupt files and hard drive failures. The odds of these risks affecting the project
are low, however precautions are still taken. Files will be backed up onto flash drives to protect
against failures, additionally the Proposal will be uploaded onto canvas which can always be
redownloaded should the versions on hard drives and flash drives fail.

d. Financial Resources
Because this project involves the Boeing sponsored JCATI device, Boeing supplies Central
Washington University with Financial Assistance to fund this project. As one of the 5 projects
happening this year, $1200 will be given to this project to fund part allocation and
manufacturing.
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8. DISCUSSION
a. Design
This year’s senior project was different than previous years due to COVID-19 causing logistical
issues with using labs and having access to materials. Because of this project choices were
narrowed down to a few options, one of with was the JCATI carbon fiber recycling machine. Out
of the options this one was the most interesting, especially when explained that 1 option would
be a pyrolysis device that involved heating, vaporization, and thermodynamics analysis.
In the beginning work was slow, and easy enough. This proposal had it’s first words typed into
the paper and designs were being thought of. The original ideas involved a much simpler
conveyor system as it was always desired to supply constant locomotion, where the resin would
be heated only enough to liquid form rather than a vapor. The liquid would then be caught in
the already installed drip tray/bread slide. This idea was scrapped in favor of the current design
as it would prove to be difficult to shake the liquid off the carbon fiber, and there would
probably be a lot of residue still left on the fibers. The beginning of the October is where the
first problems started to arise.
The main issue throughout the quarter was personal work ethic, and time spent on the project.
Due dates would be missed and work on the project grinded to a halt with more and more work
being put off for a later time. This eventually snowballed into the final weeks of the quarter
where close to 9 weeks’ worth of work had to be done in the final 2 weeks. It took days of hard
work, sleepless nights, and perseverance to eventually overcome the week prior of
procrastination to finish with an acceptable proposal, that will still obviously be updated and
changed throughout the construction and testing process.
In addition to labor issues some design for construction issues had to be overcome. Originally
the plan was to have a gear assembly that would step the motor rpm down to the desired
speeds, but through analysis it was discovered the gears that would be required even in a triple
reduction would be large and expensive. The solution to this was to not only have a speed
reducer bought, but to use a worm gear assembly which proved to be much more space and
cost efficient.
3.11.2021 – The original design was to use gears and motors to move a separate conveyor
system through the existing oven. A significant redesign of the system took place and instead of
a separate conveyor system, the existing one will have plates attached to it so the existing
conveyor system can be used. This change drastically cut down on parts that were needed,
labor required, and overall complexity of the device. This is due to all the mechanics for the
conveyor system is now taken care of by the oven itself. This new redesign had to be done
quickly as during Winter quarter construction was supposed to take place.
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b. Construction
Manufacturing was done in the final month of the quarter. Most parts were simple to
construct, but meshing the parts together took some time and patience. The conveyor plates
were the first to get made. They are symmetrical rectangles with holes in them, so the design
was very simplistic. Because the tolerances were not tight on this part a shear and hole punch
were used to cut the design out of sheet metal. 10 identical pieces were made and fashioned to
the existing chain conveyor using steel wire. Originally the plates were supposed to be
asymmetrical, but after some preliminary testing showing the overlap was too large, they were
redesigned and cut down.
Another part that had to be manufactured was the ramp to allow for easy loading. Originally
this part was going to be more sheet metal, but the ramp was not slick enough for the carbon
fiber to reliably slide down and onto the track. Instead of using the sheet metal apart from the
oven was used. A curved ramp designed for sliding toast from the back to the front was used.
The ramp was cut in half to only utilize the curved portion, and then it was tied to the grated
ramp using steel wire. This ramp works very well and reliably gets the carbon fiber to track
conveyor.
Another part that had to be constructed was the shroud. The part was, for the most part,
already done as it was available from a different student. There were a few modifications that
had to be made, however. Holes had to be cut in certain locations. Firstly, a hole had to be cut
in the front to allow for access to the conveyor controls. Secondly, the hole in the back had to
be covered up, and a new hole was made at the bottom of the shroud to allow the repurposed
drip tray to catch the carbon fiber pieces after the pyrolysis process. The process took some
time as the shroud itself is large and difficult to work with.
The final part that was constructed was the switch to operate the conveyor system. For this
part a wire in the internal system had to be cut and a switch was put into place. This involved
taking apart the bottom pieces of the oven and locating the correct wire to be cut. Then a hole
was drilled just below the on switch or oven and the new switch was fasted into that area with
full functionality. There is a possibility that that switch can be replaced with a timing
mechanism, but upon initial review it was deemed too large to fit into the space.

c. Testing
Testing was done during the Spring Quarter of 2021. The first test done was testing the
temperature of the oven. The requirement was 500°C which wasn’t quite met. While the
heating coils themselves were reaching almost 600°C the temperature at the conveyor belt that
was measured was only about 475°C. This was a discouraging start, but the temperature was
still above the 450°C minimum. The higher requirement was just so there was some room for
error and the pyrolysis process could be guaranteed. Additionally, the test could not be
performed while the oven was completely closed off, as the probe needed a way into the
space. So theoretically the temperature could have been higher but that went untested. This
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test was also done twice. One test was with the oven shroud off and one test was with the oven
shroud on. Surprisingly adding the shroud had very little effect on the temperature at the
conveyor belt, resulting in about a 3-degree increase.
Further testing was done on the ability for the system to hold in the Argon gas and displace the
oxygen. Because a chromatograph wasn’t readily available to test the particulates in the air for
Argon gas, a stress test was used but running the device as intended and seeing if it worked. If
the carbon fiber came out and didn’t evaporate with the oxygen in the air, then that means the
oxygen was displaced and just the resin would be vaporized. After one test the process seemed
to have worked as the carbon fiber that came out was still there and it was soft like feathers
meaning the hard resin was all gone. This test proved the process worked and further testing,
but further testing was needed and required for more data. This is where everything fell apart.
In the process of heating the carbon fibers, and the oven being in the shroud for so long
trapped in the heat, the internal and even some external components completely melted.
Turning the oven back on was impossible and repairs had to be made before returning to
testing. Multiple Attempts to repair the oven proved fruitless. The main power switch was
melted so that was replaced and even soldered to the existing wires as a permanent solution.
After more troubleshooting the relay was found to now be switching when turned on. Getting a
new relay that could handle a 240 Volt Connection and that had the required connectors was
going to take more time than was available. This meant that the oven was broken, and further
testing had to be halted. With the device down the other requirements couldn’t be testing in a
controlled environment like planned but with the one test complete it had enough data to still
satisfy the requirements.
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9. CONCLUSION
The device created should be able to facilitate the pyrolysis process through its design. It should
be able to heat up to 500C to allow the resin to completely vaporize, the conveyor must be
stopped long enough for the process to take place (30 minutes), the system must remove at
least 90% of the resin, and finally the system must be inert using argon gas to displace the
oxygen. Using these four points as criteria for testing a definitive conclusion on whether the
device works or not can happen.
As the final testing results are calculated the JCATI Pyrolysis Device meets the criteria of
successfully pyrolyzing carbon fiber pieces. Not only does the resulting product feel fibrous and
thin, as incredibly small microfibers should, but the total weight reduction reach 31% which
vaporizes about 97% of the assumed resin inside the carbon fiber. At the cost of the device
itself the finished product is reusable carbon fiber shavings with almost no resin left.
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APPENDIX C – Parts List and Costs
Part Number

Qty
Part Description
1 Oven Shroud
1
1
1

AvaToast Oven with Parts
Mild Steel Sheet Metal
Argon Gas

Source
CWU
CWU
CWU
CWU

$
$
$
$
$
$
$
$

Total

Cost
0.00

Disposition
Already made by another student
Full factory oven with manual and
associated aprts
1 5'x5' Sheet
In Large cylindrical holder
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APPENDIX D – Budget
Item
Qty
Description
Parts
Variable Total cost for all parts to be procured
Labor
0 No cost, as all adjustments will be made in-house
Contingency
1 This money will only be used as a last resort to fix a problem

Cost
$
$
$ 100.00

Total

$ 100.00
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APPENDIX E - Schedule

1 - Fall Quarter

2 - Winter Quarter
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3 - Spring Quarter
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APPENDIX F – Expertise and Resources
Refer to Section 7 – Project Management
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APPENDIX G – Testing Report
Test Report Guide
Introduction: Temperature Test
For pyrolysis to take place inside the oven a high temperature must be met to properly break
down the resin. This vaporization occurs at around 450°C according to research done on
pyrolysis. The device aims to achieve a 500°C temperature at the conveyor plates to now only
be hot enough to vaporize the resin but allow for some inconsistencies to provide stable
outcomes. This test is designed to evaluate the temperature at multiple locations to provide a
complete picture on how the heat is distributed through the system. Both the coils and the
conveyor plates will be measured to examine the efficiency of the device as well as the
functionality as to whether it can reach a 500°C temperature target.

Method & Approach: Temperature Test
Testing the temperature at different locations of the device will be done using a long
temperature probe and digital readout thermometer. A longer probe was chosen because of
the high heat generated from the oven. If a shorter probe was used the heat would easily melt
the plastic or wiring of the probe, and the test would fail. The only parameters being tested are
temperatures at various locations but using these measurements further analysis of the device
and capabilities can performed.

Test Procedure: Temperature Test
This procedure outlines the process of recording temperature of the pyrolysis oven such that it
reaches a temperature in which the pyrolysis process may take place. The oven is used in a
system to convert carbon fiber pieces into usable fibers with no resin. The minimum required
temperature for the oven to be according to research is 450oC, but this device will target 500oC.
Time: The test was conducted on 4/7/2021 from 9:00am to 10:00am in Hogue 127. 5 minutes
was spent collecting equipment, 20 minutes setting up before the test, and after the test 5
minutes was spent retrieving data, shutting everything down, and returning equipment.
Place: Room 127, Hogue Hall, Central Washington University campus in Ellensburg, Washington.
Required equipment includes:
•
•
•
•
•
•

Commercial oven suitable for pyrolysis process (Oven used for test was an Avatoast T3300B)
Temperature probe with elongated tip as to not melt the plastic
Fluke handheld digital probe thermometer
Heat resistant gloves
Recording sheet
Metal Shroud

Risk: The oven uses a 240V connection so a risk of high voltage shock is always possible, and
power is needed to run the machine so a power outage will stop this test. The oven will also
generate large amounts of heat, so burns are possible; use heat resistant gloves to mitigate.
The test procedure is as follows:
1. Collect equipment:
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2.
3.
4.
5.
6.
7.
8.
9.
10.

11.
12.
13.
14.

a. Heat resistant gloves, thermometer, temperature probe, and oven are in Hogue 127
b. Recording sheet can be a piece of paper, phone, etc.
Go to Hogue 127 and the oven (back of the room against the wall)
Place all equipment on a table nearby
Attach the temperature probe to the fluke thermometer and adjust the thermometer to read in
Celsius
Turn on the oven using the green on/off button.
Turn on both elements of the oven to 6 using the dial knobs.
Place the shroud around the oven and ensure any holes are covered to simulate actual use.
Wait 15 to 20 minutes for the oven to heat up.
Put on heat resistant gloves.
Place the probe in 4 locations and perform seps 11-12 at each location. The four locations are as
follows:
a. Surrounding air of the room
b. The outer surface of the shroud
c. The heating coils inside the oven
d. The surface of the metal conveyor plates
Wait for the temperature reading to stabilize (jumping between only 1 degree)
Record the temperature the thermometer stabilized at.
Turn off the elements for the oven and turn off the oven itself doing a reverse of what
happened in steps 5-7.
Return used equipment to where they came from

Discussion: Testing for the temperature was straight forward, it just took time for the oven to
heat up and cool down. An unexpected occurrence that wasn’t thought of in previous iterations
of this test was the plastic on the temperature probe melting due to the high heat, so special
precautions had to be made to accommodate that. Other than that, testing was simple, and a
final temperature was obtained from the various locations on the oven.

Deliverables: Temperature Test
The following is the results of the temperature test:

Temperature Location
Room Temperature
Outer Shroud
Conveyor
Heating Coil

Temperature [C]
24.4°
65.6°
474.4°
559.2°

With the conveyor temperature only reaching about 475°C it is above the recommended
temperature of 450°C but below the target temperature of 500°C. Further testing will be
needed to determine whether this temperature is enough.
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Introduction: Time Test
The pyrolysis process requires at least 30 minutes for the vaporization of the resin to take
place. To achieve this the device used a switch mechanism that can independently control the
conveyor from the heating system, such that the oven remains hot while the conveyor does not
move. This allows the carbon fiber pieces to sit in the oven under direct heat for as long as
needed to achieve pyrolysis.

Method & Approach: Time Test
To test this requirement for the oven a mock heating test will take place. To control as many
aspects of the device as possible heating will be turned off and just the rate at which the carbon
fiber pieces will be timed. This method with use the conveyor belt and switch method of
putting carbon fiber pieces through the device.

Test Procedure: Time Test
The following test is done to test the 30 minutes requirement for the pyrolysis process to take
place with a possible variance of up to 3 minutes over, but no amount of time is allowed under
30 minutes.
Time: This test was done on May 12th, 2021 from 8am to 11 am in Hogue in conjunction with
the Oxygen Displacement Test as well as the Carbon Fiber Weight Test. The test required 1 hour
of prep time gather materials and waiting for the oven to heat, 30 minutes of heating time, 30
minutes of data gathering and recording, and 1 hour of cool down and clean up.
Place: Room 127, Hogue Hall, Central Washington University campus in Ellensburg, Washington.
Required equipment includes:
•
•
•
•

Commercial oven suitable for pyrolysis process (Oven used for test was an Avatoast T3300B)
Stopwatch or Timer of some kind
Recording Sheet
Carbon Fiber pieces

Risk: The oven uses a 240V connection so a risk of high voltage shock is always possible, and
power is needed to run the machine so a power outage will stop this test.
The test procedure is as follows:
1. Collect Equipment:
a. Oven and carbon fibers are in Hogue Hall Room 127
b. A recording sheet can be a piece of paper or a phone and the time can be a stopwatch
or a phone
2. Go to Hogue 127 and the oven (back of the room against the wall)
a. Plug in the oven if needed
3. Place all equipment on a table nearby
4. Place the carbon fiber pieces on the ramp such that they fall onto the conveyor plates
5. Using the metal switch near the power button move turn on the conveyor system such that the
carbon fiber pieces are centered in the oven
a. Start the timer once you turn on the conveyor system
6. Wait until the timer reaches 30 minutes
7. Turn on the conveyor system immediately as the timer reaches 30 minutes
8. Leave the conveyor on until the all the carbon fiber pieces fall out of the back
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9. Once the carbon fiber pieces are have fallen stop the timer and record the final time

Discussion: This test is very simple but was not done before other testing, so the oven internals
were completely broken. Because of this the test was instead done with the Oxygen
Displacement Test and the time recorded was the time it took for the 30 minutes pyrolysis
process plus the time it took to take the carbon fiber pieces out with the boat and pliers.

Deliverables: Time Test
Time of Total Process

30:24

The time taken was 30 minutes and 24 seconds which is well with the 30-33 minute range
required for the pyrolysis process.
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Introduction: Oxygen Displacement Test
For the Pyrolysis Process to take place the environment the carbon fiber is in needs to be
oxygen free. This is due to the Carbon molecules binding to the Oxygen molecules in the air and
evaporating as CO2. Using argon, the air can be displaced, and carbon won’t bind to the noble
gas of Argon.

Method & Approach: Oxygen Displacement Test
To test the absence of oxygen in the system normally a chromatograph would be used to test
the air and measure the percentage of molecules in the air. One of those isn’t available
however, so instead the carbon will be put through the oven with argon gas flowing and full
heating on, and it will be qualitatively tested on whether the carbon fibers evaporated or not.

Test Procedure: Oxygen Displacement Test
The following test is done to test the displacement of the oxygen using Argon gas in the
pyrolysis system. Results will be qualitatively measured on whether the system successfully
prevents the carbon from evaporating.
Time: This test was done on May 12th, 2021 from 8am to 11 am in Hogue in conjunction with
the Time Test as well as the Carbon Fiber Weight Test. The test required 1 hour of prep time
gather materials and waiting for the oven to heat, 30 minutes of heating time, 30 minutes of
data gathering and recording, and 1 hour of cool down and clean up.
Place: Room 127, Hogue Hall, Central Washington University campus in Ellensburg, Washington.
Required Equipment Includes:
•
•
•
•
•
•
•
•
•
•

Commercial oven suitable for pyrolysis process (Oven used for test was an Avatoast T3300B)
Pliers
Heat resistant gloves
Recording sheet
Metal Shroud (with front cover)
Metal Boat
Aluminum Foil
Carbon Fiber
Argon Gas with small rubber hose connector
Stopwatch or Timer

Risk: The oven uses a 240V connection so a risk of high voltage shock is always possible, and
power is needed to run the machine so a power outage will stop this test. The oven will also
generate large amounts of heat, so burns are possible; use heat resistant gloves to mitigate.
The test procedure is as follows:
1. Collect Equipment
a. Oven, Shroud, Boat, Carbon Fiber, Argon Gas, Heat Resistant Gloves, and Pliers can be
found in Hogue 127
b. Recording Sheet can be a piece of paper or a phone
c. Aluminum foil must be sourced from somewhere
2. Go to Hogue 127 and the oven (back of the room against the wall)
a. Plug in the oven if needed
3. Place all equipment on a table nearby

83

4.
5.
6.
7.
8.
9.

10.
11.
12.
13.
14.
15.
16.
17.

Turn on the Oven Heating Elements to full (6)
Turn on the Oven using the green Power Switch
Wait for the oven to heat up
Place the shroud over the oven with no front cover
Attach the argon hose to the connector on the front of the shroud
Turn on the Argon Gas by Opening both valves on the take
a. Watch the ball in the pressure gauge and make sure it is floating about an inch of the
resting position
Place a layer of Aluminum Foil on the Metal Boat to create a shallow bowl
Place a small handful of Carbon Fiber on Aluminum Foil in Metal Boat
Using Pliers and Heat resistant gloves place the metal boat with the carbon fiber pieces in the
center of the oven conveyor belt
Place the front cover for the shroud over the front hole
Set a timer for 30 minutes and wait
Once the timer is finishes use the pliers and heat resistant gloves to take the metal boat and
carbon fiber out of the oven once the front cover is removed
Record Results of Carbon Fiber
Clean Up Station
a. Shut Down Oven
b. Remove Shroud once cooled down
c. Close Argon Gas valves

Discussion: This test was measuring the effectiveness of the oxygen displacement system for
the pyrolysis process. Following this procedure, the process worked with no burns or injuries, as
well as a successful product. However, after the test the oven suffered major heat damage and
was rendered inoperable until fixed.

Deliverables: Oxygen Displacement Test
The test resulted in a successful product. The Carbon fiber at the beginning is a hard material
similar to plastic in feeling. After the test the carbon fiber pieces felt feather-like and were soft
to the touch. This means the resin was successfully vaporized off of the carbon fiber pieces and
the carbon fiber didn’t evaporate into the air resulting in an oxygen free environment.
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Introduction: Carbon Fiber Weight Test
The carbon fiber pieces after undergoing Pyrolysis will have been stripped of the resin that
holds the fibers together resulting in small fibrous pieces. After some research is it determined
that on average the ration of carbon fiber to resin is about 68% Carbon fiber and 32% Resin. So
if those number are correct there should be about a 32% reduction in weight

Method & Approach: Carbon Fiber Weight Test
To test the vaporization of carbon fiber, the samples provided from the oxygen displacement
test will be weighed both before and after the testing and measure how much mass was lost in
the process. This mass lost will be assumed to be resin as the carbon fiber will not have
evaporated in a successful process.

Test Procedure: Carbon Fiber Weight Test
The following Test is done to measure the weight lost from the carbon fibers after the pyrolysis
process takes place. 10.0g samples will be used.
Time: This test was done on May 12th, 2021 from 8am to 11 am in Hogue in conjunction with
the Time Test as well as the Oxygen Displacement Test. The test required 1 hour of prep time
gather materials and waiting for the oven to heat, 30 minutes of heating time, 30 minutes of
data gathering and recording, and 1 hour of cool down and clean up.
Place: Room 127, Hogue Hall, Central Washington University campus in Ellensburg, Washington.
Required Equipment Includes:
•
•
•
•
•
•
•
•
•
•
•

Commercial oven suitable for pyrolysis process (Oven used for test was an Avatoast T3300B)
Pliers
Heat resistant gloves
Recording sheet
Metal Shroud (with front cover)
Metal Boat
Aluminum Foil
Carbon Fiber
Argon Gas with small rubber hose connector
Stopwatch or Timer
Scale

Risk: The oven uses a 240V connection so a risk of high voltage shock is always possible, and
power is needed to run the machine so a power outage will stop this test. The oven will also
generate large amounts of heat, so burns are possible; use heat resistant gloves to mitigate.
The test procedure is as follows:
1. Repeat Steps 1-15 of the Oxygen Displacement Test Procedure changing on the amount of
carbon fiber placed in the boat during step 11 to 10g instead of a small handful
2. Weigh the carbon fiber using the scale (found in Hogue 127)
3. Record Results

Discussion: This test was done in conjunction with the Oxygen Displacement Test as the carbon
fiber was ready to be weighted and there wasn’t a problem with the quality of the carbon fiber
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product. Additionally, as stated before the Oven broke down after one test, so all data had to
be taken from one trial.

Deliverables: Carbon Fiber Weight Test
The target goal for the weight reduction in the carbon fiber was a 32% weight reduction. This
would bring our 10.0g sample down to 6.8g. The results are as follows:
Weight of Carbon Fiber (Before) [g]
Weight of Carbon Fiber (After) [g]
With Boat
Without Boat
With Boat
Without Boat
168.3
10.0
165.2
6.9
With the final weight of the carbon fiber being 6.9g it reaches a 31% reduction in weight. This is
just 1% off of the target reduction of 32% which would be chalked up to rounding, or
manufacturing differences. The result of these tests shows a complete vaporization of resin in
the carbon fiber.
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APPENDIX H – Resume

JACK DUTTON
2205 197th Ave. SE, Sammamish, WA 98075
jddutton13@gmail.com · (425) 647-9990

PROFESSIONAL SUMMARY
I’m a Senior at Central Washington University majoring in Mechanical Engineering Technology. I have
learned a lot in my short time here, including CAD use and applications, Machining, Finite Element
Analysis, and metallurgical processes. Additionally, while at Central Washington I created a pyrolysis
device for use in carbon fiber recycling and was an officer of the ASME club along with being member of
ASME. Overall, I am a hard worker with an excellent work ethic and drive to excel in my work.

RELATED SKILLS
Certified in 3D SolidWorks modeling
Proficient in AutoCad
Finite Element Analysis (FEA) Experience & Inventor
Nastran Proficiency
Finalist for the Mathematical Competition of
Modeling (MCM) for 2020

Proficient in Bluebeam
Machining Experience
Expert in Microsoft Office Applications, including
Word, Excel, and PowerPoint

WORK EXPERIENCE
SUMMER OF 2020

PROJECT ENGINEER INTERN, ABSHER CONSTRUCTION CO.
During the Summer of 2020 I was a Project Engineer Intern and oversaw multiple aspects of construction
site management. Duties included writing RFI’s, contacting vendors, assisting in job cost estimation, and
On-site quality control. Not only did I learn a lot about how construction sites are managed but I also
learned professional skills including working with colleagues, developing vendor relationships, and
management skills.
NOVEMBER 2016 TO PRESENT

BARISTA, STARBUCKS CORPORATION
As a barista at Starbucks I fulfill different roles depending on the situation, including making drinks and
talking to guests, taking orders, and handling money, or providing support for any of my fellow coworkers
in their duties. I have learned and practiced adapting to stressful and fast-paced situations. Every day I
strive to create a positive customer experience and assist anyone I can, efficiently and happily. Additionally,
I oversee counting and distributing tip money acquired every week.

EDUCATION
FALL 2015 THROUGH SPRING 2016/FALL 2017-PRESENT

CENTRAL WASHINGTON UNIVERSITY
I plan on graduating CWU in 2021 and am currently on track to graduate with a Mechanical Engineering
degree.
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FALL 2016 THROUGH SPRING 2017

BELLEVUE COLLEGE
I completed general education requirements to transfer over to Central Washington University and
continue my goal to graduate from Central Washington University.

OTHER EXPERIENCE & SKILLS
Team Captain for Recreational Soccer Team
Game Master and organizer for Dungeons and
Dragons club

Amateur 3D modeler using Blender
Organized and attentive to protocol
Calm and efficient in adapting to stressful and
fast-paced environments

REFERENCES:
Ash Barnes
Store Manager
Starbucks Corporation
(425) 322-9808
US2667306@starbucks.com
Relationship: Manager at the Starbucks store I work at currently.
Kristine Gilmore-Lund
Shift Supervisor
Starbucks Corporation
(509) 859-6678
kmlund@gmail.com
Relationship: Shift Supervisor at the Starbucks store I work at currently
Erin Chui
Store Manager
Starbucks Corporation
(207) 217-2337
Relationship: Manager at the Starbucks store I worked at from November 2016 to May 2017
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